The dependence of different polarimetric parameters on the incidence angles in the range of 30" to 60" is investigated for a number of different crops using airbome S A R data. The purpose of the investigation is to determine the effect of the variation of incidence angle within a S A R image when using different polarimetric parameters for crop classification and parameter retrieval algorithms.
INTRODUCTION
During the 1997 growing season two airbome S A R campaigns' were conducted at the Danish agricultural test site Foulum using the Danish EMISAR2 system. At each campaign L-and Cband data were acquired covering the same area at four different incidence angles. From each of the acquired S A R images different polarimehic parameters were estimated for a number of different fields.
Estimating the parameters from S A R data gives only a few time samples and typically only one incidence angle for a certain position in the scene, because each sample involves acquiring and processing of an entire S A R scene. On the other hand, it allows simultaneous investigation of many fields, it allows the samples to be averaged over a large number of pixels to reduce the influence of speckle, and it allows evaluation of the effect of texture and within field inhomogeneities. 
DATA ACQUISITIONS
S A R data were acquired on April 9 (L-band), April 10 (Cband), June 3 (L-band) and June 4 (C-band) at the Foulum test site, which is located in the northern part of Jutland around RCF and covers an area mainly consisting of farmland.
The S A R data were acquired with the EMISAR system
which is an L-and C-band, fully polarimetric S A R system, developed at DCRS since 1986. The S A R system is installed on a Danish Air Force Gulfsiream aircraft, and has a spatial resolution of 2m by 2m. The ground range swath is approximately 12 km and the incidence angle typically ranges from 30" to 60" across the swath. The processed data from this system are fully calibrated. The S A R acquisitions were carried out so that a number of large, relatively flat and homogeneous fields, selected for this campaign, were covered at four different incidence angles within the range of incidence angles typical for the EMISAR system, so that the effect of the variation of the incidence angle within an image can be evaluated.
The selected fields were subject to extensive in-situ measurements simultaneously with the S A R acquisitions. Soil moisture and roughness parameters were measured along with a number of plant parameters for each of the considered crop types to help interpretation of the S A R data and to provide a set of input data for theoretical EM-backscatter models, for which the SAR data set can serve as validation. A different approach to utilize the information from the entire polarimetric data set, has been presented by Cloude 123. It is a decomposition scheme applicable for extended and/or random targets, and in this approach no assumptions are made about correlation between the CO-and cross polarized backscatter.
The Cloude decomposition is based on an eigen valudeigen vector analysis of the coherency matrix T to extract information about the dominating scattering mechanism. Considering the backscattering case the coherency matrix is a 3 x 3 Hermetian matrix, defined by:
The eigen values XI , X2, and X3 of T are therefore real, whereas its eigen vectors VI, VZ, and v3 generally are complex. The polarimetric entropy is defined as This gives a feature vector (H, a), which is used to characterize the scattering properties, and is suggested for an unsupervised classification scheme.
RESULTS AND DISCUSSION
The dependence of the four considered parameters: The HH-VV phase difference, q h h v v , the HH-VV correlation coefficient Phhvv. the polarimetric entropy, H, and the a parameter on the incidence angle is investigated by estimating the parameters from the SAR data at both L-and C-band for three different areas: A bare field, a spring barley field and a rye field.
For the bare field, S A R data from the April campaign were used to estimate the parameters. For the spring barley field and the rye field, SAR data from the June acquisitions were used.
At the time of these acquisitions, the spring barley field had a height of 35 cm and the rye field had a height of 89 cm.
The considered fields contain each more than 50.000 pixels within the S A R image. Although the pixels are correlated this makes the error due to speckle insignificant. At L-band the two-way attenuation by the vegetation layer of backscatter from the ground below the vegetation layer will result in a negative phase difference, whereas the backscatter from the plant-ground double bounce reflection will result in a positive phase difference [3] . The phase difference of the total backscatter then depends on the portion of backscatter from each of these two mechanisms. In the case, where only a minor part of the incident electromagnetic field penetrates to the ground, the phase difference will be smaller and have less variation with incidence angle. This is the case for the C-band data for the vegetated fields, where the HH-W phase difference is a slightly increasing function of the incidence angle for the vegetated fields. It is also noted, that for the bare field an increasing phase difference is observed for C-band and a decreasing for L-band as a function of incidence angle. Similar results have been repormi for measurement of backscatter from bare soils using a truck mounted scatterometer [4] .
As we would expect from the definition of the polarimetric entropy and the HH-VV correlation coefficient, the figs. 2 and 3 suggest, that these two parameters for the Considered areas are related. When the polarimetric entropy is an increasing function of the incidence angle, the HH-VV correlation coefficient is decreasing. For most of the considered areas the HH-W correlation coefficient is a slowly decreasing function of the incidence angle.
At C-band the HH-VV correlation coefficient is largest for the bare soil field, where the backscatter is mainly due to surface scattering. For the spring barley and rye fields, the vegetation cover induces multiple scattering and different penetration for different polarizations, which results in the smaller correlation coefficient. At L-band the HH-VV correlation coefficient is smallest for the spring barley field, and largest for bare soil or rye depending on the incidence angle. What causes the large decorrelation for the bare soil and the smaller decorrelation for the rye field at large incidence angles, is still to be examined.
The dependence of the cy parameter on the incidence angle is shown in fig.4 . For most of the considered areas the a parameter is an increasing function of the incidence angle. For the rye field at L-band the a parameter, however, drops significantly around 45' incidence, which is at the same incidence angle, the HH-VV phase difference crosses zero. The small HH-W phase difference makes the dominating scattering mechanism resemble surface scattering, for which the a parameter is small. This probably results in the drop in the value of CL.
CONCLUSIONS
The dependence of a number of different polarimetric parameters on the incidence angle has been determined at two times during the growing season at both L-and C-band. The HH-VV phase difference and the a parameter may at L-band for vegetated areas exhibit a strong dependence on the incidence angle, which has to be considered before using these parameter for crop type classification. The HH-VV correlation coefficient and the polarimetric entropy depend for the considered areas only weakly on the incidence angle, and less care is needed when using these parameters.
